An unusually high incidence of infectious keratoconjunctivitis followed by pneumonia and arthritis was observed in beef calves of a managed herd. No Moraxella spp. or bacteria other than Mycoplasma spp. were obtained from conjunctival and nasal swabs. A strategy was designed for characterization of bovine mycoplasmas at species and strain level on the basis of a combination of molecular tools and the immunoblotting method. The strategy made it possible to rapidly assign the bacterium responsible for this outbreak to one of the phylogenetic clusters of bovine mycoplasmas delineated in this study and then to identify it as Mycoplasma bovis. The strain, designated Sar 1, showed a 100% 16S rDNA sequence identity with two European strains (120/81 and MC3386) isolated in Germany and Ireland, respectively, and hosts a vsp gene analog to the vsp A , vsp 422-4 , and vsp 422-8 genes of the M. bovis reference strain PG45 T and of the field strain 422. The use of a crossreactive rabbit serum developed against the Mycoplasma agalactiae immunodominant antigen P48 confirmed the molecular findings. The immunological response of calves against M. bovis was also investigated. This is the first report on the occurrence of M. bovis on the Island of Sardinia (Italy).
Introduction
Mycoplasmas can cause a variety of overlapping clinical and pathological signs in cattle. Mycoplasma mycoides subsp. mycoides SC is the causative agent of contagious bovine pleuropneumonia 21, 36 ; other Mycoplasma species are associated with the bovine respiratory tract, both as normal flora (e.g., M. bovirhinis, M. bovoculi, M. arginini, M. canadense, M. alkalescens, and M. bovigenitalium) or as pathogens in diseased calves (M. dispar). 48 Mycoplasma bovoculi and Mycoplasma conjunctivae have been reported to cause conjunctivitis and play an important role in infectious bovine keratoconjunctivitis (IKC) 8, 20, 27, 42 ; M. bovigenitalium, Mycoplasma californicum, M. canadense, M. arginini, and M. bovirhinis are often associated with mastitis. 11, 48 Mycoplasma bovis is a major and often overlooked cause of bovine pneumonia, 10 mastitis, 6 and arthritis 33 and has also been reported to cause diseases of the 33 abscesses, 16 and meningitis. 43 Its involvement in IKC is seldom reported, and M. bovis is always indicated as a concurrent infectious agent or as a predisposing factor for another bacterial pathogen acting as the primary etiologic agent of this clinical condition. Association of M. bovis with symptomatic ocular disease is not considered characteristic, and the bovine eye is not a predicted organ site for isolation. 15, 17, 22, 37 Furthermore, mixed infections can occur in cattle, and many mycoplasmas can be present as part of the normal flora. Therefore, each mycoplasma species potentially involved must be individually investigated with dedicated biochemical, immunological, or molecular methods. Conventional criteria for Mycoplasma identification (e.g., film and spots production, glucose catabolism, arginine hydrolysis, tetrazolium salt reduction, growth inhibition, complement fixation test) can be time consuming, labor intensive, and nonspecific, especially when a mixed infection is suspected. 25 Polymerase chain reaction (PCR) and sequencing-based methods are very specific but require a massive amount of work if a wide range of species has to be investigated with dedicated assays.
A simple test able to rule out entire groups of mycoplasmas from the investigation will make it possible to restrict efforts to a few species and to reduce the number of biochemical and molecular tests to be performed, considerably shortening the time required for strain identification. A double-gradient gel electrophoresis fingerprinting approach for differentiating my-coplasma species has proven to be particularly efficient; however, this approach has only been applied to a limited number of bovine mycoplasmas and needs to be evaluated further with more strains of each species. 25 On the occasion of an IKC outbreak observed in beef calves of a managed herd, in which mycoplasma colonies were exclusively isolated, a restriction fragment length polymorphism (RFLP) strategy directed to the identification of phylogenetic clusters was designed to restrict the diagnostic investigation to a few bovine mycoplasma species. The combination of this method with specific molecular and immunological tests enabled identification of M. bovis as the unique etiologic agent of this outbreak. Molecular, antigenic, and phylogenetic profiling of the M. bovis strain, designated Sar1, was also performed.
Materials and methods
Outbreak, animals, and samples. Between July and August 2004, an unusually high incidence of blepharospasm, mucopurulent discharge, keratoconjunctivitis, neovascularization with diffuse corneal edema, corneal ulcers, and leukoma, referred to as IKC (also reported as pink eye), was observed in 4-to 6-mo-old beef calves of a managed herd. Seven conjunctival and six nasal swabs were collected from a total of 13 symptomatic beef calves. In November, after observing the delayed onset of pneumonia and arthritis, sampling was repeated. Blood samples were collected from 30 calves raised in the same stable; sera were obtained and stored at Ϫ20ЊC until use in serological assays.
Mycoplasma strains and culture conditions. Conjunctival and nasal swabs were used for bacteria cultures following standard procedures. Seeded blood agar and chocolate agar plates were maintained at 37ЊC for 72 hr. Replicate swabs were inoculated into PPLO broth a supplemented with yeast extract, tryptone, 20% horse serum, and 500 g/ml ampicillin and maintained at 37ЊC for 2-3 days and passaged on agar media. Ten to 15 days after seeding, three mycoplasma colonies were chosen from each plate (for a total of 39 colonies) and inoculated separately into PPLO broth without crystal violet a supplemented with 20% horse serum and 500 g/ml ampicillin. Mycoplasmas in late logarithmic phase of growth were used for experiments or stored in PPLO broth with 10% glycerol at Ϫ80ЊC until later use. Reference strains of M. bovis and Mycoplasma agalactiae (PG45 T and PG2 T , respectively), Sardinian field isolates of M. agalactiae MA7 and 72DX, 39, 40 plus a total of 16 northern and central Italy field isolates of M. bovirhinis (TO4), Mycoplasma canis (TO6, TO7, TO8), and Mycoplasma bovis (RO16, IZS17, TO1, TO2, TO5, TO10, TO13, TO14, TO18, TO19, TO20, TO21), supplied by P. Nebbia and P. Robino, b were cultured as described above.
DNA extraction, PCR-RFLP, and Hum4 randomly amplified polymorphic DNA (RAPD) PCR. DNA was extracted as already described 39 from late exponential-phase broth cultures of M. bovis PG45 T and M. agalactiae PG2 T reference strains, from the 16 Italian mycoplasma isolates, and from the 39 mycoplasma-like colonies isolated in this study. The extracted DNA was resuspended in TE buffer (10 mM Tris-HCl, 1 mM EDTA, pH 7.6) at a concentration of 50 g/ml and stored at Ϫ20ЊC until use. DNA was tested by PCR with 5 primer sets (A-E, Table 1 ). Primer set A was designed on the basis of 16S rRNA nucleotide sequences highly conserved among bacteria, as an effective tool for amplification of mycoplasma DNA, and the derived PCR product was used for RFLP analysis. Set B specifically targets a variable initial portion of the vsp A gene of M. bovis PG45 T annealing to its more conserved flanking regions and was used for molecular characterization of the Sar1 isolate. Set C is specific for M. agalactiae 47 and was used to rule out the involvement of M. agalactiae in the outbreak. Sets D and E were designed on the basis of nucleotide sequences of M. bovoculi and M. conjunctivae, respectively, and were used alone or as nested primers on amplicons obtained with primer set A to rule out the implication of these mycoplasmas in the IKC outbreak.
All the final 50-l PCR volumes contained 3 l of DNA (150 ng), 0.2 mM each of the four dNTPs, 0.2 M each of the two primers, and MasterTaq Kit, c according to the manufacturer's basic protocol, with 10 l of 5ϫ TaqMaster PCR Enhancer buffer. Amplification was performed in a programmable thermal cycler with an initial denaturation step (94ЊC for 5 min), followed by 35 cycles of denaturation (94ЊC for 1 min), annealing (55ЊC for 1 min), and extension (72ЊC for 1.5 min). A final extension step at 72ЊC for 10 min was included. Expected amplicon sizes are indicated in Table 1 . The PCR products obtained with primer set A were digested separately with the restriction endonucleases EcoRI, MluI, and BamHI. Each reaction (20 l) contained 10 l of PCR product, 0.5 l of the restriction endonuclease (5 U), and 2 l of the corresponding 10ϫ buffer. Reactions were carried out for 1 hr at 37ЊC. PCR products and restriction fragments were analyzed by agarose gel electrophoresis, stained with ethidium bromide, and visualized with an ultraviolet transilluminator.
For comparison, M. agalactiae 72DX, M. bovis PG45 T and all 39 M. bovis isolates obtained during this study were analyzed by Hum4 RAPD PCR, performed as described by McAuliffe and coworkers. 26 DNA sequencing and sequence analysis. An ABI PRISM Big Dye Terminator Cycle Sequencing Ready Reaction Kit d was used for direct cycle sequencing of the PCR products obtained with the primer sets A and B, according to the manufacturer's protocol. Alternatively, amplicons were cloned into the vector pCR2.1-TOPO e and sequenced by universal M13 primers. The generated sequences were edited with CHROMAS f and checked against the GenBank database with BLAST. 2 After submission, GenBank accession numbers were obtained (Sar1 16S rRNA gene AY560587; vsp-like Sar1 gene AY560588). The 16S rRNA gene sequence of the Sar1 isolate was aligned to the corresponding region of 18 bovine or phylogenetically closely related mycoplasmas with CLUSTALX. 45 Mycoplasma species and corresponding GenBank accession numbers are listed in Table 2 . Restriction maps of the 16S rRNA gene sequences were obtained for EcoRI, MluI, and BamHI with BIOEDIT. 12 Genetic distances among the 18 mycoplasmas and the iso- 
About 380 bp of chromosomal DNA M. agalactiae Tola et al. 45, 46 Set
About 740 bp of the 16S rRNA gene M. conjunctivae New* * Original primer set specifically designed for this study. † Size was calculated on the basis of the vspA sequence of M. bovis PG45 T . lates under investigation were computed as a percentage of total nucleotide differences with molecular evolutionary genetics analysis (MEGA) software and were used to construct a neighbor-joining (NJ) tree. 41 Statistical support for internal branches of the tree was evaluated by bootstrapping. 9 Max-imum parsimony trees and consensus values were generated with MEGA version 2.1. 19 Trees were edited with NJplot 31 and Treeview version 1.5.2. 30 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and Western blotting. A hyperimmune an-tiserum (␣-rP48) was obtained by immunizing a rabbit with the recombinant form of the immunodominant protein P48 of M. agalactiae, 40 according to standard protocols. 13 ␣-rP48 has recently proven useful in the identification by Western blotting of a 45-kD protein (P45) in M. bovis, homologue to P48 of M. agalactiae. Because P45 is conserved in all the M. bovis isolates so far examined, 38 ␣-rP48 was used to test all the 39 mycoplasma colonies obtained in this study.
Late-log phase mycoplasmas were harvested by centrifugation at 10,000 ϫ g and washed 3 times in PBS. An appropriate amount of pelleted cells was resuspended in NuPage LDS Sample Buffer e and NuPage Reducing Agent e and heated at 70ЊC for 10 min. Samples were briefly centrifuged to remove insoluble material. Mycoplasma proteins were fractioned by Triton X-114 phase partitioning and carried out according to the procedure of Bordier 5 adapted for mycoplasmas. 34, 35 Solubilized proteins and standards were run on NuPage Novex 4%-12% Bis-Tris Zoom Gels e in the XCell SureLock Mini-Cell e according to vendor instructions. Gels were stained with SimplyBlue SafeStain e following standard procedures. For immunoblots, proteins were transferred to nitrocellulose sheets in a transfer unit (350 mA; 45 min). Nitrocellulose sheets were blocked in PBS containing 0.05% Tween 20-5% skim milk (blotto) and incubated for 1 hr with the 30 sera obtained from symptomatic calves or with rabbit ␣-rP48 serum with a 1:2,000 dilution in blotto. After washing steps, peroxidase conjugate Protein G was used to bind both anti-bovine and -rabbit IgG, and the sheets were incubated as above. Blots were developed with the CN-DAB substrate. g
Results
Isolation of mycoplasmas and routine microbiological investigation. Distinct mycoplasma colonies were observed in cultures seeded with nasal and conjunctival swabs from the symptomatic calves used in this study when dedicated mycoplasma culturing techniques were applied. No colonies characteristic of Moraxella spp. or other nonmycoplasma pathogenic bacteria were detected following routine microbial procedures.
PCR-RFLP patterns, cluster analyses, and Hum4 RAPD PCR. EcoRI, MluI, and BamHI restriction maps, on the basis of the 16S rRNA GenBank gene sequences of 18 bovine or phylogenetically related mycoplasmas, were obtained. The 18 mycoplasma species were sorted into 8 distinct groups, each composed of species sharing a common restriction pattern ( Table  2) .
A universal set of PCR primers based on conserved regions identified by aligning the 16S rRNA gene sequences of the 18 mycoplasma species was designed for amplification of mycoplasma DNA (Table 1 , set A). This primer set was tested on DNA extracted from the 39 mycoplasma colonies isolated in this study from symptomatic calves. A sharp band of the expected size was observed for all samples (Fig. 1A) . On the basis of EcoRI, MluI, and BamHI restriction patterns, these isolates were assigned to restriction group 2 ( Table 2 ; Fig. 2 ). This restriction group included M. agalactiae, M. bovis, and Mycoplasma fermentans.
To evaluate the robustness of group 2, the 16S rRNA PCR-RFLP analysis was performed on reference strains of M. bovis and M. agalactiae (PG45 T and PG2 T , respectively), on the Sardinian field isolates MA7 and 72DX of M. agalactiae, 39, 40 on northern and  central Italy M. bovis isolates (RO16, IZS17, TO1,  TO2, TO5, TO10, TO13, TO14, TO18, TO19, TO20,  TO21) , and on Italian field isolates of M. bovirhinis (TO4) and M. canis (TO6, TO7, TO8).
The presence of a common restriction pattern in all the M. agalactiae and M. bovis digests allowed us to assign the reference strains and all the field isolates of M. bovis and M. agalactiae to restriction group 2. (Table 2; Fig. 2 ). As expected, the M. bovirhinis and M. canis field isolates were assigned to groups 7 and 8, respectively ( Table 2 ; Fig. 2 ).
When M. agalactiae 72DX, M. bovis PG45 T , and all 39 mycoplasma isolates obtained during this study were analyzed by Hum4 RAPD PCR, the 39 M. bovis isolates showed an invariable Hum4 RAPD PCR profile very similar to that of M. bovis PG45 T (differing only for the constant presence of a supplementary band of about 450 bp), but different from that of M. agalactiae. However, the patterns obtained in this study did not coincide with any of the RAPD profiles previously described by McAuliffe and coworkers 26 when testing UK strains (data not shown).
Collectively, results indicated that all 39 Mycoplasma isolates obtained from IKC-affected calves could be ascribed to a single M. bovis strain, which was designated Sar1.
Relevance of M. bovis Sar1 in IKC. To confirm that the etiologic agent of this IKC outbreak was M. bovis Sar1 alone, PCR analysis was performed on the 39 mycoplasma colonies isolated from the samples collected during the IKC outbreak with primer sets B, C, D, and E ( Table 1 ) specific for M. bovis, M. agalactiae, M. bovoculi, and M. conjunctivae, respectively, and with appropriate positive PCR controls. Although belonging to restriction group 2, M. fermentans was excluded a priori because the presence of this mycoplasma in ruminants is a very unlikely event.
A common band was observed after amplification of the DNA extracted from all samples with primer set B, specific for M. bovis, although the amplicon size shared by the 39 mycoplasma samples (about 340 bp) was slightly different from the size of the type strain PG45 T (about 380 bp; Fig. 1B) . The presence of M. agalactiae, M. bovoculi, and M. conjunctivae was excluded on the basis of the negative result obtained with primer sets C, D, and E. (Table 3) , common to the 39 mycoplasma Sar1 samples investigated, was checked against the GenBank database and produced a significant alignment with M. bovis strains 120/81 and MC3386 (100% identity, E score 0). The analysis of the vsp A -like sequence of M. bovis Sar1 revealed the presence of an R A repeat pattern 23, 29 typical for this isolate (Table 4 ). In fact, Sar1 possesses a number of 10 R A tandem repeats in the initial portion of the vsp Alike gene (8 R A 1 and 2 R A 2). This number is lower than the number of repeats of the type strain PG45 T , but higher than the number reported for M. bovis strain 422. 23, 29 When vsp A PCR (primer set B) was used to compare Sar1 to M. bovis field strains isolated in northern and central Italy, it was observed that the Sar1 PCR pattern (Fig. 1B, lane 3, 1 band of about 340 bp) is different from the pattern formed by the northern Italy strains (Fig. 1C, lanes 1-7 , three bands of between 200 and 300 bp) and the strain from central Italy (Fig. 1C, lane 8, 1 band of about 300 bp). Polymorphic positions in the 16S rRNA gene and Vsp A repeat patterns are shown in Tables 3 and 4 , respectively.
Coinciding NJ and maximum parsimony trees of the mycoplasmas considered in this study were drawn, with statistical bootstrap values, consensus values, and distribution of restriction groups (Fig. 2a, 2b) . Mycoplasma bovis Sar1 is related to the reference strain of M. bovis PG45 T , with both mycoplasmas falling in the phylogenetic cluster corresponding to restriction group 2. Seven out of 8 restriction groups correspond to phylogenetic clusters, strongly supported by statistical analysis. Only mycoplasmas belonging to restriction group 4 fall in different branches of the trees.
Total proteins obtained from M. bovis PG45 T and M. bovis Sar1 were probed with sera collected from symptomatic calves. A strikingly similar banding pat- tern was observed for the 2 strains, whereas no bands were detected when sera were tested against M. agalactiae MA7, although M. agalactiae and M. bovis are closely related according to biochemical, immunological, 3 and molecular methods. 25, 32 Figure 3 shows the reactivity of three representative calf sera against total proteins of M. agalactiae MA7, M. bovis PG45 T , and M. bovis Sar1. As a further tool for establishing identity of all the 39 colonies isolated in this study as M. bovis, ␣-rP48 39, 40 was tested by immunoblotting against total and hydrophobic proteins extracted from M. agalactiae MA7, from M. bovis PG45 T , and from the 39 colonies designated as M. bovis Sar1. A marked reactivity of the antiserum was observed with the native P48 of M. agalactiae (Fig. 4, lanes 2, 4) and with the native P45 of M. bovis PG45 T , both in total proteins (Fig. 4,  lane 3 ) and in the hydrophobic protein fraction (Fig.  4, lane 5) . The electrophoretic patterns of M. bovis Sar1 and M. bovis PG45 T were compared by SDS-PAGE. The total protein patterns of the two mycoplasmas appeared different, although common bands were present. When total proteins were probed with ␣-rP48, P45 was observed both in M. bovis PG45 T and in all 39 colonies designated as M. bovis Sar1 (Fig.  5a) . Similar experiments demonstrated the presence of P45 in all field strains of M. bovis considered in this study (Fig. 5b) . No reactivity was observed when total protein extracts obtained from M. bovirhinis and M. canis (data not shown) were tested.
Discussion
An outbreak of IKC caused by M. bovis was observed in a managed herd. Clinical signs typically associated with M. bovis (e.g., pneumonia and arthritis), appeared only a few months later. The clinical features of this outbreak did not suggest the involvement of a particular species of bovine mycoplasma. In fact, initial clinical signs were suggestive of an infection sustained by M. conjunctivae or M. bovoculi, but the retarded onset of arthritis and pneumonia could have been indicative of an infection by M. bovis or other species of bovine mycoplasmas. In such a scenario, the isolated mycoplasmas need to be investigated by applying biochemical, immunological, or molecular tests specific for any of the suspected species. However, the presence of M. bovis in a herd needs to be established quickly to prevent an epidemic event that could lead to significant economic losses. Indeed, the presence of M. bovis in a herd leads to economic losses for both dairy and meat production, and this mycoplasma is responsible for at least a quarter to a third of the total economic losses resulting from pneumonia and related illnesses in the European bovine population. 28 To address this problem, we developed a molecular strategy to restrict the investigation to a few species of mycoplasma on the basis of their phylogenetic relationships and then to identify the species involved without much downstream testing. The use of a single 16s rRNA PCR reaction followed by three restriction enzyme digestions of the amplified products allowed us to assign all the mycoplasmas isolated during this IKC outbreak to restriction group 2 ( Fig. 2a,  2b) . The robustness of this group was evaluated empirically by testing reference and field strains of M. agalactiae and M. bovis isolated in different regions of Italy (2 reference strains and 14 field isolates). Furthermore, 1 field strain of M. bovirhinis and 3 field isolates of M. canis were correctly assigned to groups 7 and 8, respectively.
Phylogenetic analyses, supported by statistical analysis, show that the restriction sites used in this study are conserved within different species belonging to the same phylogenetic cluster (Fig. 2a ). The 16S rRNA gene is relatively stable, and its variability is subject to functional constraints. Information on the variability of 16S rRNA sequences is available for many mycoplasmas and is mostly represented by point mutations at known positions. 14, 18, 24 For these reasons, it is valid to assume that different strains of a particular mycoplasma species maintain the restriction pattern shared with other species belonging to the same cluster. Furthermore, the restriction patterns identified for each cluster are conserved in all the 16S rRNA gene sequences of all the mycoplasma strains published in the GenBank database. Therefore, these results support the usefulness of a first screening by restriction enzyme analysis to help target specific groups of bovine mycoplasmas, at least for species belonging to restriction group 2. However, the significance of the other restriction groups has still to be tested with a collection of field strains. Finally, it should be noted that mycoplasmas belonging to restriction group 4 fall into different phylogenetic clusters. Group 4 is therefore not phylogenetically homogeneous, suggesting a lower degree of robustness of PCR-RFLP assays. Moreover, although the 16S rRNA gene is highly conserved, point mutations might occur and potentially alter the restriction sites. This method should not therefore be used for routine diagnostic purposes until further optimization.
The causative agents of IKC reported in the literature, alone or in combination, are mostly Moraxella spp., M. conjunctivae, and M. bovoculi, whereas reports on involvement of M. bovis in IKC are scarce. 15, 17, 22 None of the former pathogens were isolated during the present outbreak, whereas M. bovis Sar1 was isolated from all the symptomatic calves, demonstrating that infectious keratoconjunctivitis could also arise after infection by M. bovis alone.
Sar1 shares a 100% 16S rRNA gene sequence homology with M. bovis strains 120/81 and MC3386, isolated in Germany in 1981 and in Ireland in 1996, respectively. 18 When vsp A PCR was used to compare Sar1 to PG45 T and to M. bovis field strains isolated in northern and central Italy (Fig. 1C) , it was observed that Sar1 has a different electrophoretic pattern from that of the northern and central Italy strains and from the reference strain PG45 T . This result is not surprising because this primer set targets conserved motives flanking tandem repeat regions, which are known to vary in the number of repeats, at least between the M. bovis reference strain PG45 T and field strain 422. Moreover, different repertoires of Vsp genes have been observed in M. bovis, 23, 29, 37 and primer set B can potentially amplify at least Vsp 422-4 and Vsp 422-8 in strain 422. Sequencing of vsp A revealed that Sar1 is characterized by a number of R A tandem repeats in the initial portion of the Vsp A -like gene (10 repeats, 8 R A 1 and 2 R A 2) that is different from the number observed in the strains so far described (Table 4 ).
PCR and sequence analysis of this variable gene could therefore offer a potential tool for epidemiological and highly discriminating taxonomic studies, such as investigations below the species level. However, to describe the degree of variability of vsp genes among different M. bovis isolates and strains, further investigations are needed.
The 39 M. bovis Sar1 isolates showed an invariable Hum4 RAPD PCR 26 profile very similar to that of M. bovis PG45 T but different from that of M. agalactiae 72DX. However, patterns obtained did not coincide with any of the RAPD profiles previously described by McAuliffe and coworkers. 26 Therefore, application of the Hum4 RAPD PCR method has proven valuable when dealing with local strains, but it failed when strains more geographically distant were independently compared in two laboratories. We cannot exclude that slight differences in the PCR profiles or in the thermocylers used have resulted in different RAPD profiles.
The major surface antigen P48 of M. agalactiae has been genetically and antigenically characterized, and a recombinant form of this antigen has been recognized as a marker for contagious agalactia in sheep and goats. 39, 40 The presence of a 45-kD homologue (P45) of this protein in M. bovis has recently been demonstrated. 38 The use of a rabbit hyperimmune serum raised against this M. agalactiae antigen (␣-rP48) allowed us to establish its presence in all the M. bovis field strains studied and to confirm the identity of all 39 Mycoplasma colonies isolated during this study (collectively ascribed to strain Sar1) as M. bovis. Moreover, ␣-rP48 did not react with total protein extracts of other mycoplasma species, such as M. bovirhinis and M. canis, which are phylogenetically closely related to M. agalactiae and M. bovis (data not shown).
Because the two antigens present in M. bovis and M. agalactiae have different molecular weights (45 and 48 kD, respectively) and the two species fall in the same cluster defined by restriction analysis, Western blotting might represent a useful tool for discriminating M. bovis from M. agalactiae after the PCR-RFLP test.
Mycoplasma bovis was first isolated in 1961 in the United States from a case of severe mastitis in cattle 11 ; since then, this pathogen appears to have spread via animal movements to many countries, some of which have been affected only recently (e.g., Ireland in 1993 and Chile in 2000). Even though numerous studies on isolation, distribution, and characterization of M. bovis strains at the molecular and antigenic levels are available for many European countries, 1,4,7,44 reports concerning isolation and characterization of M. bovis in Italy are not available. This is the first record of M. bovis on the Island of Sardinia, possibly indicating a recent introduction of this pathogen.
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